Objective To determine whether drug-eluting stent (DES) use varies among Scottish hospitals, and the extent to which any variations are explained by differences between operators, patients and lesions. Conclusions Within Scotland, marked variation existed among hospitals in the use of DES. Operator was the most important factor at patient level, and hospital of treatment, rather than case-mix, was the most important modifier of between-operator variation. Patient selection for DES is complex and may contribute to much of the variations demonstrated. Consensus criteria would provide more detail than is included in current guidance, may aid decision-making for individual patients, reduce opportunity costs and ensure equity of access.
Introduction
Drug-eluting stents (DES) have been rapidly assimilated into routine cardiology practice for the treatment of coronary heart disease. Compared with conventional bare-metal stents (BMS), DES reduce restenosis 1,2 -a complication of percutaneous coronary intervention (PCI) that increases the risk of recurrent symptoms and repeat procedures. DES do not reduce death or myocardial infarction and are more expensive than BMS; therefore, controversy exists regarding their cost-effectiveness. 3, 4 In the UK, guidelines were developed at an early stage in the evaluation of DES, with costeffectiveness a significant consideration in the final report. DES use was recommended for treating vessels ,3 mm or lesions .15 mm. Previous studies have demonstrated differences in DES utilization among hospitals, largely attributed to differences in healthcare funding within countries. 6, 7 However, no study has examined clinical practice within the UK healthcare system, or determined whether practice variation extends to operator level. This is particularly important in light of the significant opportunity costs associated with rapid expansion of an expensive new technology.
In comparing practice among hospitals, it is imperative to adjust for case-mix differences. Analysis of stent choice during PCI is further complicated by the fact that patients may have more than one lesion treated during a procedure. Some factors, such as age and co-morbidity, are patient characteristics while others, such as angiographic features, act at lesion level. Furthermore, unmeasured factors may influence individual operator practice, independent of case-mix and hospital factors. Conventional multi-variate analysis assumes independence of analysis units (in this case lesions), and may thus overestimate variations at higher levels of the hierarchy (in this case patients, operators and hospitals). Multi-level modelling, also known as random effects modelling, incorporates the data hierarchy into the statistical model, allowing a more accurate comparison. 8 -10 In addition to producing odds ratios for fixed effects, multilevel analysis quantifies the residual, or 'unexplained', variation at the different levels of the hierarchy. The aim of our study was to determine whether DES use varied among hospitals and operators, and whether variation persisted after adjustment for case-mix.
Methods

Data source and study population
Since 1997, the Scottish Coronary Revascularization Register has routinely collected detailed information prospectively on all PCIs performed in Scottish hospitals. Data entry is completed by a combination of clinical and administrative staff according to a pre-defined set of standardized data definitions, and centrally collated to form the Scottish register. The database is annually validated for completeness and consistency. Information collected includes demography, co-morbidity, clinical presentation and procedural details. In Scotland, very few PCIs are performed in the private sector. Therefore, our analysis was restricted to the seven publicly funded National Health Service (NHS) hospitals that undertake PCI. We included consecutive patients treated with PCI within these hospitals over a 1 year period from April 2005. Informed consent to collate and use data is obtained from patients prior to coronary revascularization. All patient and operator data are stripped of unique identifiers and, for the purposes of reporting, hospitals are not identified by name.
Definitions
Hypertension was a binary variable and defined as blood pressure .140/90 mmHg or treatment with antihypertensive therapy. Hyperlipidaemia was defined as total cholesterol concentration .5.2 mmol/l or treatment with a lipid-lowering agent. Diabetes was defined as either type I or type II diabetes mellitus. Urgent cases were defined as revascularization undertaken during the index admission and emergency cases as revascularization undertaken within 24 h of admission/ referral.
Statistical analysis
DES use varied over the 12-month period analysed; therefore, quarters of the year were included as a categorical variable to account for changes over time. Hospital was included as a fixed effect, rather than the top level of the hierarchy, for two reasons: with only seven hospitals, there were too few to use hospital as the top level of the hierarchy in a multi-level model; 11 also, one-third of operators practised at more than one hospital, and a multi-level model fully incorporating this cross-classified structure would have been overly complex.
We defined a binary outcome based on DES use in each lesion. If both DES and BMS were employed in the same lesion, DES use was recorded. We compared crude proportions of DES use by hospital using a x 2 test. All patient and lesion co-variates listed in Table 1 were tested univariately for their association with DES use. All factors significantly associated with DES use at the 5% level were included in subsequent multi-level analyses. All variables were treated as categorical, with the exception of age which was continuous. No significant co-linearity was noted.
A multi-level logistic regression model was constructed according to the data hierarchy, with random variation permitted at three levels: operator, patient and lesion. This three-level structure is referred to as the null model, to which hospital, patient and lesion fixed effects were subsequently added. First, hospital was entered as a fixed effect (model 1). Then, patient and lesion fixed co-variate effects (model 2) were assessed. We chose to add patient-and lesion-fixed effects grouped as 'case-mix', because more than two-thirds of patients (67.3%) are treated for single lesions. Finally, hospital, patient and lesion fixed effects were added within the same model (model 3). All models were adjusted for change over time. We report the variance 
Treated vessel ,0.001 Hospital estimates are shown as unadjusted, and for Model 3 with P-value calculated with a x 2 test. All multi-level analyses were fitted using Markov Chain Monte Carlo (MCMC) estimation procedure, with a 5000 iteration 'burn-in' phase and 50000 iteration chain length. Iteration histories were checked visually to assess mixing. Bayesian Deviance Information Criterion (BDIC) and deviance (MCMC) statistics are shown as an indicator of the change in model fit; reductions in these values indicate an improvement. 12 Post hoc analyses were subsequently performed to investigate further the operator-level variation.
The descriptive analyses were performed using SPSS v14.0 software (SPSS Inc, Chicago, IL, USA). The multilevel analyses were performed using MLwiN v2.02 (Centre for multi-level Modelling, University of Bristol, UK).
Results
Between April 2005 and March 2006, PCI was performed on 8863 lesions. We excluded 218 lesions because no device was recorded, 128 because the procedure was abandoned and 28 because the operator code was missing. The remaining 8489 lesions equated to 5967 PCI procedures undertaken by 38 operators in the seven hospitals.
Overall, DESs were used in 47.6% of the lesions treated. However, this varied significantly by hospital (Fig. 1, x 2 ¼ 341.6, P , 0.0001) with the crude percentage use ranging from 30.6 to 61.8%. The paclitaxel-eluting Taxus stent (Boston Scientific Corp., Natick, MA, USA) accounted for 80.7% of the DES deployed, and the sirolimus-eluting Cypher stent (Cordis Corp, Miami, FL, USA) for 18.6%.
There were no statistically significant differences between hospitals with regard to sex and diabetic status, but a large number of patient and lesion characteristics were found to vary by hospital of treatment ( Table 1 ). The null three-level random effects model demonstrated significant variation between operators and between patients ( Table 2) . Adding the hospital-fixed effect reduced the operator-level variation by .40% (s 2 ¼ 0.792 to s 2 ¼ 0.445), though patient-level variation increased slightly (Model 1, Table 2 ). When all univariate case-mix predictors of DES use were added, there were only minor alterations in variance estimates (Model 2, Table 2 ), though model fit was improved (indicated by reduced BDIC and deviance statistics for Model 2, Table 2 ). The final model demonstrated variance estimates similar to Model 1; significant 'unexplained' variation at both operator and patient level remained, though further improvements in model fit were noted (Model 3, Table 2 ). Between-hospital variation is represented in Fig. 1 . Variation persisted even 
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after adjusting for the data hierarchy and case-mix (x 2 ¼ 22.1, P ¼ 0.001), though, as expected, the confidence intervals widened. Table 3 demonstrates the fixed effects estimates for case-mix variables included in Model 3 (the final adjusted multi-level analysis). DES use at patient level was associated with younger, male patients and with more stable presentations of coronary artery disease. The most powerful predictors of DES use were lesion factors, however. Left main and left anterior descending PCI, the presence of restenosis, longer lesions, smaller vessels and less tortuous vessels were all associated with an increased probability of DES use. Increased DES use over the 12 months studied is accounted for by the time period variable.
To analyse the effect of operator on patient-level variation, a post hoc two-level model ( patient and lesion) was run without the effect of operator. Between-patient variation increased to s 2 ¼ 3.959 (3.202 -4.813), an increase of 25%. A further analysis of below and above median operator volume as a fixed effect revealed no association with DES use, and no difference to operator-level variance estimates within the full multi-level hierarchy.
As a supplement to the findings of the multi-level models, DES use for the highest and lowest operator quartiles were compared (Table 4) . Within high and low operator use groups, differential DES use by clinical category is evident. Between high and low operator groups, DES use was statistically no different among patients treated for restenosis and left main coronary artery lesions. Marked differences between low and high operator DES use were noted among all other sub-groups, though for lesions at high baseline risk of restenosis (e.g. 2.75 mm and lesions .20 mm length), between group differences were relatively smaller.
Discussion
Main findings from this study
Two key features emerge from this study. Within a single, centrally funded healthcare system, significant hospital variation in DES use existed even after appropriate multi-level adjustment. Secondly, between-operator decision-making varied significantly, independent of case-mix, and was the most important determinant of patient-level variation. Operator-level variation was greatly reduced, however, when hospital was introduced as a factor, suggesting local factors heavily influence clinical practice Previous studies from the USA and Italy concluded that differences in the adoption of DES within these healthcare systems were likely to be due to financial considerations, e.g. private versus academic and government institutions, and the proportion of patients insured. 6, 7 Such distinctions are less relevant within the UK NHS, where all treatments are publicly funded. Furthermore, Scotland has a single national Coronary Heart Disease taskforce and only three regional planning groups responsible for the PCI service. Yet, this study demonstrated marked hospital differences in the use of DES even after adjustment for operator practice. However, the variations in hospital practice observed may still be attributable to financial considerations through differential local priority setting ('postcode prescribing'), stent availability or integrated care pathways, as well as less tangible influences on group clinical practice.
Significant between-operator variation could exist for a number of reasons. The impact of National Institute for Health and Clinical Excellence guidance on some operators is reflected in the higher use of DES in patients, for example, with long coronary stenoses. 5 Clinical practice is more complex, however, and includes many more lesion types and patient groups. The important clinical variables and their relative influence on practice are listed in Table 3 . Many patient sub-groups commonly encountered have been studied in only small numbers, or excluded from randomized, controlled trials (RCTs). Notable examples include patients treated for non-ST elevation myocardial infarction and multi-vessel PCI. Interventional cardiologists may therefore differ in their interpretation of the effectiveness of DES in these patients. Some may choose to extrapolate the results of RCTs on selected patients to groups at high baseline risk of restenosis and therefore infer a higher absolute benefit from DES. Others may restrict DES to patients who would have fulfilled the entry criteria for RCTs, or strictly follow the existing guidelines. These difficulties in applying published studies and guidelines to clinical practice are likely to have contributed to the operator-variation we demonstrated.
Our study period largely predates a recent clinical controversy surrounding late stent thrombosis with DES. 13 -16 This is a serious but rare complication that does not appear to compromise patient outcomes in those studied in RCTs. 17 -19 However, late stent thrombosis seems to be more common among patients who would not have been included in pivotal RCTs. 20, 21 For resource-limited healthcare systems, this introduces a potential paradox. Treating complex patients at high baseline risk of restenosis may be more cost-effective; however in such patients the RCT evidence of safety is generally weaker. This conflict has further complicated clinical decision-making in individual patients. What is already known on this topic?
DES reduce restenosis and, therefore, the need for repeat procedures following PCI. 1,2 Consequently, they have been rapidly and widely adopted into clinical practice. Clinical guidelines have been developed, and concluded that DES were clinically effective, but in many common situations, the absolute benefit derived did not justify their use. 5 What this study adds Utilization of DES varies widely both between hospitals and, independently, between operators, within a single centrally funded healthcare system. Hospital variation may exist within the UK NHS for a number of reasons, and had a marked impact on operator practice. The existence of such striking variation also raises questions regarding the applicability and relevance of current guidelines to individual patients. Such a finding is important given the costs associated with DES use and the volume of PCI procedures in the UK.
Strengths and weaknesses of this study
The strengths of our study include comprehensive case ascertainment, collection of detailed procedural co-variates key to clinical decision-making, and the representation of actual clinical practice. Though the current study was limited to Scotland, the findings are likely to reflect current practice within the UK NHS. In addition, the principles of operator and hospital variation during the adoption of an expensive new technology have wider relevance to many other countries that have similar financial restrictions to the UK.
Because our study was observational, the case-mix of patients undergoing PCI varied significantly by hospital. Observed case-mix differences are likely to reflect differing baseline patient populations and the selection of other forms of treatment such as coronary artery bypass grafting, the threshold for which may vary by hospital. An individual operator may also be selected by those referring on the basis of clinical factors (e.g. lesion type) as well as nonclinical characteristics (e.g. threshold for intervention); both are likely to affect the case-mix of individual operators. We attempted to adjust for resultant differences in case-mix within the study design; however, as with all observational studies, unmeasured or unknown clinical confounders may play a role. We were able to show that operator volume did not account for the residual operator-level variation demonstrated. However, we had little further data on operator characteristics that may 'explain' why individual clinicians' choices vary beyond case-mix differences. This aspect merits further study.
Finally, we demonstrated a large amount of 'unexplained' patient-level variation that was largely unaffected by the addition of case-mix co-variates. This variation is entirely attributable to the patients who received multi-lesion PCI (around one-third of the total population). Our findings suggest that lesion-level rather patient-level factors determine DES use, with little correlation between the two. Therefore, it is likely that these factors contributed to the large amount of random variation at patient level.
Conclusion
Our study demonstrated wide variations in DES use between hospitals and operators. It is unclear whether the inequalities in use of DES reflect under-utilization by some operators and hospitals or over-utilization by others; both have important consequences. It could be argued that the existing clinical guidelines do not reflect the complexities faced in clinical practice, nor are they sufficiently detailed to assist the calculation of risk and benefit for individual patients. Comprehensive consensus criteria would provide a clinically relevant starting-point to define appropriate DES use for individual patients, in order to aid clinical judgement, maximize benefit, minimize opportunity costs and ensure equity of access.
